Introduction
The use of video-assisted thoracoscopic surgery (VATS) has evolved quickly and it has gained widespread acceptance among pediatric surgeons during the last decade. Thoracoscopic approaches to a large variety of pediatric and neonatal surgical disease have been described, and safety and feasibility of VATS have been demonstrated by a multitude of authors.
1,2 Commonly named benefits of the VATS approach include less postoperative pain, shorter hospital stay, less wound infections, 1 and-most importantly-less long-term musculoskeletal sequela. [1] [2] [3] However, to identify advantages of a particular type of VATS procedure over the corresponding open approach, comparative studies investigating defined end points are imperative. It has been stated that an important step to further develop pediatric minimally invasive surgery is the establishment of evidence-based information for many types of procedures. 4 We have recently shown that high-quality evidence according to the "Oxford Centre for Evidence-Based Medicine" (CEBM) is scarce for pediatric laparoscopy. 5 For pediatric VATS, this has not been investigated. CEBM has published two important classifications allowing for evaluation of the scientific quality of a study (►Table 1) and the grade of recommendation, on which a clinician should base his decision for or against a particular method on ►Table 2. 6 A general recommendation for a particular treatment can be given for CEBM Grades A and B. To gain Grade B of the CEBM classification, at least consistent Level 2 or 3 studies must be available 6 (►Table 2). To be classified into Level 3a, a systematic review (SR) or meta-analysis (MA) of different retrospective comparative studies (RCS) are mandatory 5 (►Table 1). To reach Level 3b, at least one RCS is needed.
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An SR and CEBM classification of the available studies comparing pediatric VATS procedures with the corresponding open operation has not been performed till date. The aim of our study was to present a current analysis of the highest available evidence concerning pediatric VATS.
Materials and Methods
Clinical studies published in the English literature were identified by a Medline literature search using PubMed (www. pubmed.com). The Web site was last accessed on January 2, 2013. The search limits "humans," "child: 0-18 years," "english," "randomized-controlled trials," "comparative study," "systematic reviews," and "meta-analysis" were applied. Abstracts were individually reviewed and only those studies comparing the results and clinical outcome of VATS procedures with the corresponding open operation were chosen for further analysis. All other manuscripts (e.g., feasibility studies, patient series without control group) were excluded. Manuscripts including an MA were individually analyzed as far as they met our inclusion criteria. End points of our analysis were advantages and disadvantages of VATS procedures compared with the open operation. Ethical approval was not necessary as the study did not primarily involve human subjects. None of the authors has competing financial interests to disclose.
Results
A total of 21 manuscripts met the inclusion criteria of our systematic review of which 3 were MA and 18 were RCS. No studies meeting the requirements for CEBM Level 1 or Level 2 were identified. Three MA providing evidence of CEBM Level 3a were identified for three types of VATS procedures (repair of congenital diaphragmatic hernia [CDH] , repair of esophageal atresia/tracheoesophageal fistula [EA/TEF], lung resection). RCS providing evidence of CEBM Level 3b were identified for five types of VATS procedures (CDH repair, EA/TEF repair, lung resection, treatment of pneumothorax, and resection of neuroblastoma). In the following, the main results of the studies with regard to advantages and disadvantages of laparoscopic compared with open surgery are summarized in alphabetical order. A total of six RCS met the inclusion criteria of our study [8] [9] [10] [11] [12] [13] of which two were included in the MA. 12, 13 As compared with open surgery, two studies confirmed higher recurrence rates for VATS CDH repair, 9,10 and two further studies also found longer operative times for the thoracoscopic approach.
Repair of Congenital Diaphragmatic Hernia

8,11
However, advantages of VATS CDH repair have also been shown. Three studies revealed shorter duration of ventilation 8,10,13 and lower postoperative PCO 2 for the VATS group.
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Additionally, in the RCS published by Gourlay et al, faster return to full enteral feeds, less postoperative narcotic/sedation, and less severe complications occurred in the thoracoscopic cohort. Total hospital charges were less for the thoracoscopic repair 13 (►Table 3).
Repair of Esophageal Atresia/Tracheoesophageal Fistula
One MA on EA/TEF repair including 69 VATS versus 97 open procedures met the inclusion criteria of our study. A total of four RCS were included in the MA of which three RCS [15] [16] [17] were included in our study and were individually analyzed. Borruto et al focused on complications of the two different approaches. Excluding the conversion rate, the MA did not show any significant difference with regard to overall complications, anastomotic stricture, and leakage 14 (►Table 3).
Additionally, one individually analyzed RCS revealed longer operative time and higher intraoperative PCO 2 in the VATS group. 15 Another RCS confirmed longer operative time for VATS EA/TEF repair and furthermore revealed higher estimated blood loss. 17 Advantages of the thoracoscopic approach were shorter narcotic use, ventilation, and hospital stay, earlier return to full feeds and less anastomotic leakage and stricture. 17 However, no statistical analysis of the data had been performed and so the results have to be regarded with certain reserves. The third RCS also focused on operative time, anastomotic leakage, and stricture. The authors did not identify any differences between the two approaches
16
(►Table 3).
Lung Resection
One MA of RCS met the inclusion criteria of our study. 
Discussion
The potential of improved cosmetic results, when compared with the corresponding open operation is a common advantage VATS shares with other minimally invasive approaches. Additionally, the potential avoidance of rib fusion, scoliosis, and chest wall deformity make the argument for VATS even more compelling. In a recent follow-up study investigating 62 infants, we have shown that the Manchester Scar Assessment scores and patient's satisfaction were in favor of VATS as compared with the results after thoracotomy. Furthermore, chest asymmetry in the horizontal plane was significantly less frequent after VATS, the incidence of scoliosis was lower after VATS, and the intercostal spaces of the operated hemithoraces were narrower after thoracotomy.
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Additionally, the technical advantages of the thoracoscopic operation including excellent visualization due to the optic magnification and collapse of the lung from the pressure of insufflation are obvious. Because the operation is performed through small incisions, ranging from 3 to 5 mm, also less postoperative pain can be anticipated. Considering these potential advantages, it is not surprising that VATS procedures represent an evolving technique in the pediatric surgical community and its acceptance for various indications is widespread today.
However Irrespective of the medical subspecialty, the employment of evidence-based medicine whenever possible is regarded as the most effective vehicle to achieve more efficient care.
30 Evidence-based medicine is defined as the conscientious, explicit, and judicious use of current best evidence in making decisions about the care of individual patients. The practice of evidencebased medicine means integrating individual clinical expertise with the best available external clinical evidence from systematic research. 31 According to a recent CEBM classification, clinical studies can be graded into Levels 1 to 5 in descending quality. 6 To give a clear general recommendation for a certain treatment, at least Level 3 evidence must be available. For pediatric laparoscopy, we have recently shown that studies reaching the highest level of the CEBM classification are available for only seven different types of minimally invasive abdominal procedures. 5 This study clearly shows that in the field of pediatric VATS, the availability of high-quality studies is even more disenchanting. None of the available comparative studies can be classified as Level 1 or Level 2 according to the CEBM criteria. Contrasting to the great enthusiasm about both pediatric VATS procedures and the principles of evidencebased medicine, the best available evidence derives from RCS that can be classified as CEBM Level 3 at best. In their recent systematic review, Ostlie and St Peter have stated that the reasons for this fact are manifold. They name different influences that may hinder the ability to realize randomized controlled trials. These include monetary limitations, the considerable effort, and time to complete a randomized controlled trial (> 30 months) and-for many indications-the difficulty to convince both surgeons and parents to participate in such a trial. 30 From our point of view, however, the main reason for the lack of high-quality studies concerning pediatric VATS is the obstacle to provide an adequate number of patients to achieve the required sample sizes. This may be overcome only by the implementation of multicenter studies, requiring even more individual effort as well as institutional and individual collaboration. This may also explain why-despite the increased educational and public expectations placed on evidence-based medicine in recent years-the proportion of (multicenter) randomized controlled trials in relation to all pediatric surgical publications have not changed in the last two decades.
30
One of the cornerstones of evidence-based medicine has always been the recommendation to use the current best evidence to make a decision for or against a certain treatment. According to Sackett et al definition of evidence-based medicine, if no RCT is available, we must follow the trail to the next best external evidence and work from there.
31 This is particularly important in the light of possible disadvantages of VATS for CDH repair. Unless there is any higher quality evidence available, the safety of this procedure is currently called into question. For VATS EA/TEF repair, it is recommendable to select patients for this procedure with utmost caution using our recently published selection criteria.
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Conclusion
Except from one preliminary study and a most recently published pilot study, only RCS on pediatric VATS are available for five different types of procedures. Therefore, the best available evidence according to the CEBM criteria is Level 3. Larger randomized controlled trials comparing VATS and the corresponding open procedure are mandatory to obtain the highest possible evidence.
